fects were found for PTSD, i.e. lower counts of naïve T cells, which was also supported by a trend for their percentage. Compared to controls, maltreated participants with a clinical level of depression had decreased percentages of RTEs, with a similar trend for PTSD. Conclusion: Limited by the nature of a pilot study and the small sample size, these preliminary findings of a compromised T-cell compartment related to psychiatric symptoms in maltreated children and adolescents need to be further studied; particularly the role of RTEs needs further evaluation.
Introduction
Adverse childhood experiences (ACEs) such as maltreatment are associated with long-term consequences for a victim's health [1, 2] , including a dysregulated immune system [3, 4] and psychiatric disorders [5] . Additionally, psychopathology is considered to convey the effects of maltreatment on the immune system in later life [6] . As a result, depression [7] and posttraumatic stress disorder (PTSD) [8] have been related to up-regulated proinflammatory markers in adults with a history of child maltreatment. This was also found in 12-year-old chil-dren with a history of maltreatment and depression [9] . Similarly, increased T-cell activation, which is mirrored by human leukocyte antigen (HLA)-DR expression, has recently been associated with maltreatment [10] , but the role of comorbid psychopathology at a young age remains to be studied with regard to lymphocyte subsets.
Studies in adult patients with PTSD show mixed results with regard to T-cell activation status and immune cell counts, i.e. the relationship between symptom severity and increased T-cell activation [8] , or to associations between PTSD and decreased counts of lymphocytes, T cells [11] and naïve T lymphocytes [12] . The number of recent thymic emigrant cells (RTEs) in the T-cell compartment [13] has been found to be persistently reduced in mice showing PTSD-like behavior due to social stress [14, 15] . However, early changes in the number and percentage of RTEs have not yet been evaluated in humans with respect to PTSD. The present paper provides preliminary data from such an examination in the aftermath of child maltreatment.
Based on the results obtained from studies in mammals, we expected reduced RTE counts and percentages in maltreated children with psychiatric diagnoses compared to healthy controls. From previous findings of increased proinflammatory markers, we hypothesized elevated counts and percentages of respective cells in the case of maltreatment that are reduced by the effect of a concomitant psychopathology such as PTSD and depression [16] . Hence, counts and percentages of the affected cell types were expected to inversely correlate with symptom severity, i.e. a compromised T-cell compartment was expected in maltreated children. Moreover, given the overlapping symptoms of depression and PTSD, we tried to determine whether the relationship between RTEs and depression accounts for the severity of comorbid PTSD and vice versa. Groups were controlled for the distribution of age [17] , gender and socioeconomic status (SES) to avoid potential confounders [18] .
Materials and Methods

Study Cohort
As part of a larger follow-up study by the Child Protection Team (CPT) at the University Children's Hospital Zurich [19] , the present study included 31 participants (aged 7-16 years) who responded to questionnaires for the assessment of psychiatric symptoms and agreed to blood tests performed 1-3 years after the initial intervention by the CPT. Study groups consisted of 16 maltreated children and adolescents and 15 controls, who were matched for age, gender and nationality. The CPT applies definitions of child maltreatment that are based on widely accepted guidelines [20] . Cases were categorized as physical/sexual/psychological maltreatment or neglect applying exclusion criteria, for example the Munchausen syndrome by proxy or unsubstantiated cases. The exclusion criteria have previously been detailed elsewhere [10, 21] . We also excluded 1 participant from the control group who reported clinical symptoms of depression beyond the cutoff value (see Psychopathology section). Participants and their primary caregivers consented to a face-to-face interview with a psychologist at the same hospital and to provide a blood sample for fluorescent-activated cell sorting (FACS) analysis. Children with inflammatory diseases or severe illnesses were excluded and, upon examinations of their health status, no clinically symptomatic viral or bacterial infections were reported at the time of FACS analysis. Written informed consent was obtained, and all procedures were approved by the local ethics committee.
Lymphocyte Analysis FACS analyses of lymphocyte subpopulations were performed according to standard protocols by whole blood analysis (7-color approach, FACS-Diva software; Becton, Dickinson, Franklin Lakes, N.J., USA) for total lymphocytes (CD45+), B cells (CD19+/ CD45+), natural killer (NK) cells (CD3-CD16+CD56+/CD45+), monocytes (CD14+/CD45+) and total T cells (CD3+/CD45+). The CD3+ T-cell compartment was analyzed for T-helper (Th) cells (CD3+CD4+/CD45+), naïve T cells (CD4+CD45RA+/ CD3+), cytotoxic T cells (CD3+CD8+/CD45+), RTEs (CD31+ CD45RA+/CD4+) and their respective ratios. Moreover, the activation status of T cells was analyzed by HLA-DR expression, i.e. activated Th cells (CD4+HLA-DR+/CD3+) and cytotoxic T cells (CD8+HLA-DR+/CD3+). In subsequent analyses, sample sizes differed for several lymphocyte subsets due to limited availability of blood in some participants.
Psychopathology
PTSD was assessed using the University of California at Los Angeles PTSD Reaction Index, which displays good-to-excellent internal consistency and reliability across age ranges, sex and racial/ethnic groups in children aged >6 years [22] . The German version, comprising 32 items, which had previously displayed good internal consistency in a Swiss national sample (Cronbach's α = 0.86) [23] was applied in our study. Internal consistency among maltreated children and adolescents was good for all subscales (measuring intrusions, avoidance and hyperarousal) with a Cronbach's α between 0.84 and 0.93, and excellent for the overall score (Cronbach's α = 0.94). The total PTSD severity score was computed by summing the score of all symptom items.
The severity of depressive symptoms was assessed by means of the Child Depression Inventory (CDI) [24] , using the German version [25] . This 26-item questionnaire showed high validity, and a cutoff score was set at CDI ≥ 12 (sensitivity = 91.7% and specificity = 81.9%) according to the Youden Index [26] .
Control Variables
In addition to age, gender and nationality (Swiss vs. non-Swiss), SES were assessed based on information on maternal education and current paternal employment. Both aspects were rated on a scale ranging from 1 to 6, with 1 being the highest education and the highest employment status. Summed subscores represent the SES, ranging from the highest status of 2 to the lowest status of 12.
To facilitate interpretation, scores were first reversed so that higher scores represented higher SES. Second, scores were assigned to one of three categories: low (2-5), medium (6-9) or high (10-12) high SES [27] .
Statistical Analyses
Data were analyzed using SPSS for Windows, version 20 (SPSS Inc., Chicago, Ill., USA). All statistical tests were two sided with a predefined significance level of p < 0.05. χ 2 and Mann-Whitney U tests were used as appropriate to compare frequencies of aberrant cell counts and sociodemographic variables between groups of maltreated children with versus without depression, or PTSD diagnosis and controls. Cohen's d effect sizes were computed to compare mean values of lymphocyte subsets between these groups [28] . Using analysis of covariance (ANCOVA), diagnostic categories were compared with regard to lymphocyte counts and percentages, thereby controlling for age as a covariate [29] . Normal distribution was assessed via Kolmogorov-Smirnov tests, and relationships between symptom severity and counts of lymphocyte subsets were assessed via partial correlation and multiple regression analyses, controlling for age accordingly.
Results
Characteristics of the Participants
All participants displayed counts of total lymphocytes within the respective age ranges ( ≥ 10th and ≤ 90th percentiles). As seen in table 1 , the groups studied did not differ versus controls with regard to sociodemographic confounders, such as gender, nationality or age; only SES was higher among controls. SES did not differ between maltreated children with and without psychopathology. Table 1 further shows that half of the 16 maltreated children and adolescents reported symptom severity scores above the cutoff for depression (mean = 9.3, SD = 3.3, range = 4.6-15.7 in the whole sample). Five of the participants (33%) met the diagnostic criteria for PTSD, while 2 of the 16 maltreated participants did not complete the PTSD questionnaire. No comparison between controls and maltreated children and adolescents with regard to depression and PTSD could be made, as these parameters served as exclusion criteria. However, there was a relevant overlap in self-reported symptoms of both diagnoses ( table 1 ) . Symptom severity of depression was higher in participants with PTSD. Participants with CDI scores above the cutoff also reported higher scores of PTSD severity in (sub)scales and were more likely to suffer from all DSM-IV PTSD criteria ( table 1 ). According to the respective Cramer's φ values, CDI scores above the cutoff were highly associated with a diagnosis of self-reported intrusions (0.58, p < 0.05), avoidance (0.58, p < 0.05) and hyperarousal (0.74, p < 0.01).
Effect of Psychopathology on the Reduction in RTEs in Maltreated Participants
As shown in table 2 , there was a significant effect of maltreatment combined with depression on percentages of RTEs after controlling for the effect of age, F(2, 26) = 4.16, p < 0.05. Planned contrasts revealed that experience of maltreatment combined with current depression significantly decreased RTE percentages (p < 0.01), whereas maltreatment alone did not (p = 0.43; fig. 1 ). This was also reflected by RTE counts when effect sizes and Cohen's d were compared between groups. Similarly, a marginal effect of maltreatment combined with PTSD resulting in reduced RTE percentages after controlling for the effect of age was noted, F(2, 22) = 2.80, p = 0.08 ( table 3 ) . Planned contrasts revealed that experience of maltreatment combined with current depression significantly decreased RTE percentages (p < 0.05), whereas maltreatment alone did not (p = 0.33). Again, this was reflected by large effect sizes when mean RTE counts were compared. When as- Analysis of covariance with 'age' as covariate and the depression cutoff score as between-subject factor (ANCOVA with p value for overall group comparison), estimating the effect size via Cohen's d based on means ± SD for the comparison of maltreated without depression (M1) vs. controls (C); maltreated with depression (M2) vs. C, as well as M1 vs. M2. Significant effects for cell counts were evaluated comparing correspondent percentages with respect to total lymphocyte counts. Large effect sizes (Cohen's d >0.80) and significant differences (p value) between groups (* p < 0.05) are displayed in italics. Sample sizes were restricted to a controls (n = 11); maltreated (n = 6), and maltreated and depressed (n = 6), or b maltreated (n = 7) and maltreated and depressed (n = 7).
Color version available online Fig. 1 . Depression after childhood maltreatment is associated with lower RTE counts. Box plots display RTE counts in children 1-3 years after maltreatment with (n = 7) and without depressive disorder (n = 7), and in controls (n = 12), quantified with FACS analysis, compared via one-way ANOVA. Means ± SEM. * * p < 0.01 maltreated children with vs. without depression (effect size: Cohen's d = 1.41). The difference between maltreated children with depression vs. controls was nonsignificant but showed a trend (effect size: Cohen's d = 0.69; p = 0.43). In contrast, we found no relationship between the covariate age and the percentage of RTEs using ANCOVA.
Effect of Depression on the Associations between Maltreatment and Mature T Cells
There was a significant effect of maltreatment on total lymphocyte counts after controlling for the effect of age, F(2, 26) = 4.40, p < 0.05 ( table 2 ) . Planned contrasts revealed that maltreatment significantly increased lymphocyte counts (p = 0.007), whereas for the combination of maltreatment with depression this effect was diminished (p = 0.43). Similarly, we found a significant effect of maltreatment on T-cell counts after controlling for the effect of age, F(2, 26) = 3.50, p < 0.05. Planned contrasts revealed that maltreatment significantly increased T-cell counts compared to controls (p = 0.02), whereas the effect was diminished in the maltreatment group with depression (p = 0.16). According to Cohen's d ( table 2 ), these differences in cell counts were accompanied by large effect sizes when maltreated participants with and without depressive symptom scores above the cutoff were compared.
There were no group differences for any other lymphocyte subsets (ANCOVA), but the covariate age was significantly related to total lymphocyte counts: F ( Table 3 shows that Cohen's d effect sizes were similar to those of depression, when lymphocyte counts of maltreated children and adolescents with and without PTSD were compared. However, we found no difference between groups with regard to mature T-cell subsets in ANCOVA. The covariate age was significantly related to total lymphocyte counts: F(2, 24) = 26.98, p < 0.001; B cells: F(2, 24) = 12.0, p < 0.01; T cells: F(2, 24) = 27.03, p < 0.001; Th cells: F(2, 24) = 8.57, p < 0.01, and cytotoxic T cells: F(2, 24) = 14.24, p = 0.001. In contrast, we found no relationship between the covariate age and NK cell, monocyte and activated T-cell counts. Analysis of covariance with 'age' as covariate and the PTSD cutoff score as between-subject factor (ANCOVA with p value for overall group comparison); estimating the effect size via Cohen's d based on means ± SD for the comparison of maltreated without depression (M1) vs. controls (C); maltreated with depression (M2) vs. C, as well as M1 vs. M2. Significant effects for cell counts were evaluated comparing correspondent percentages with respect to total lymphocyte counts. Large effect sizes (Cohen's d >0.80) and significant differences (p value) between groups [trends (*) p < 0.1] are displayed in italics. Sample sizes were restricted to a controls (n = 11); b maltreated (n = 6), and maltreated and depressed (n = 6), or c maltreated (n = 7).
Effect of PTSD on Mature T-Cell Counts of Maltreated Children
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Associations of Symptom Severity of PTSD and Depression with RTEs
Spearman's ρ coefficients were found to correlate inversely with symptom severity of the two diagnoses, the CDI (n = 28, r = -0.51, p < 0.01) and PTSD (n = 26, r = -0.53, p < 0.01) in the whole sample. In the maltreated children, the results of regression analyses indicated that the combination of age and CDI explained 56.5% of the variance [ R 2 = 0.56, F(2, 11) = 9.45, p < 0.01]. It was found that the CDI score significantly correlated with RTE counts (r = -0.66, p < 0.01), as did age (r = -0.52, p < 0.05). With regard to RTE percentages, on the other hand, only the CDI score was found to be a significant predictor 
Discussion
Confirming our hypothesis drawn from experimental data on social stress in mammals [14, 15] , the percentages of RTEs were lower in maltreated children with selfreported PTSD levels compared with matched controls and maltreated children without the diagnosis. We found that self-reported depression was also associated with reduced RTE percentages, which is supported by large effect sizes when the group means of RTE counts and percentages for maltreated children with versus without depression or PTSD are compared. Our results are indirectly confirmed by a recent study showing that the association between a proinflammatory marker, C-reactive protein, and the combination of depression and maltreatment among school-aged children was not found for maltreatment or depression alone [9] . Thus, depression or PTSD may be factors driving the impaired maintenance of the T-cell compartment in the aftermath of ACEs such as maltreatment. This hypothesis is supported by further analyses of the present data. The increase in total T-cell and total lymphocyte counts in maltreated participants with no psychiatric diagnosis appears to level off in cases of parallel depression. This is mirrored by large effect sizes for the comparison of group means throughout the data and the parallel trend for the counts of HLA-DR-expressing activated T cells [10] . In line with a meta-analysis showing an association between the decrease in the percentage of T cells and depression [16] , the discount effect in our data is driven by linear correlations between counts and percentages of RTEs and the symptom severity of depression or PTSD among maltreated children and adolescents. The underlying mechanism may be an increased turnover of these activated cells under proinflammatory conditions reflected by increased C-reactive protein levels in maltreated children with depression [9] . Studies ignoring ACEs such as maltreatment may therefore fail to detect the association of adolescent depression and altered cellular immunity [30] .
As hypothesized from the association of the two diagnoses even as early as in adolescence [31] , PTSD severity no longer correlates with RTEs when the effect of depression is accounted for, and vice versa. Moreover, participants reported symptom severity above the cutoff for depression more frequently than for PTSD, which is a common finding in traumatized adolescents [18] . The subsequent imbalance of the small sample sizes in the groups studied may explain the lower number of findings with regard to PTSD.
However, according to our data, an increased total PTSD score was inversely correlated with RTE or naïve T cell counts, which also included a negative trend with respect to T and Th cells. This impact on the entire T-cell compartment is consistent with previous research in adult PTSD patients showing fewer naïve T lymphocytes but increased memory T lymphocytes [12] . Similarly, an increased ratio of memory versus naïve T cells was found in adult women with PTSD in the aftermath of childhood sexual abuse [32] . We hypothesized that the lower counts of total lymphocytes and total T cells in adults with a past history of PTSD [11] result from an accelerated age-related reduction in RTEs in the presence of a proinflammatory state, triggered by the mutual effects of T-cell activation and PTSD severity [8] . In line with this hypothesis, depressed adults show a decrease availability of T cells, which has been related to an increased sensitivity to apoptosis [33] . Clinical implications of such a compromised T-cell compartment related to psychiatric morbidity [34] need to be examined in a larger study including also analyses of cytokine profiles, for example.
The lack of comparative data from children and adolescents regarding the dysregulation of cellular immune responses following maltreatment and/or psychopathological disorders impairs further interpretation of our results. The latter are also limited by the small sample size and the character of this pilot study with its cross-sectional design, implicating the risk of selection biases and limited statistical power, especially for the assessment of potential confounders. Therefore, the combined effect of psychopathology and maltreatment can only be stated with caution, without generalizing the effect for the combination of depression or PTSD with other ACEs [10] . Notwithstanding this, the current study is the first to demonstrate a negative impact of depression and PTSD on RTEs among maltreated children controlled for age. These preliminary findings indicate that a long-term effect of psychiatric disorders after trauma in early life is associated with a compromised T-cell compartment. Future studies in larger samples including the assessment of cytokine profiles, for example, are warranted.
